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L r e a c t i o n  wi th  a d d i t i o n a l  e f f o r t s  a t  observing t he  (p ,IT+) t 
The r e s i d u a l  a c t i v i t y  measurement of p ion  produc- E 
and  IT-) reac t i ons .  Radiochemical procedures f o r  
t h e  s epa ra t i on  of Bi ,  Po and A t  a c t i v i t i e s  have been 
developed. Monoisotopic bismuth is  i d e a l  f o r  a  s tandard  -\ 
t i o n  nea r  th reshold  ha s  cen te red  on t h e  2 0 9 ~ i  (p , 2 l 2 l  'PO 
measurement of t h e  t o t a l    IT) c ro s s  s e c t i o n  f o r  a  
number of reasons.  These a r e :  a )  bismuth l a cks  spec- 
t r o scop i c  impur i t i e s  of h ighe r  Z e lements  (of those  
h igher  i n  Z only Th and U a r e  "s tab le" )  and b)  tHe 
r e a c t i o n  products  1 ° ~ t  (IT-), 1°po (no) and 2 1 0 ~ i ( ~ + )  
a r e  e a s i l y  s epa ra t ed  radiochemical ly and i d e n t i f i e d  
spec t ro scop i ca l l y  by a lpha  o r  gamma-ray counting.  
I n i t i a l l y  we s t ud i ed  Po product ion  from t a r g e t s  of 
var ious  th icknesses  (5, 25, 600 mg/cm2) a t  proton 
ene rg i e s  of 125, 147 and 160 MeV and found s u b s t a n t i a l  
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secondary i so tope  product ion ,  i n  p a r t i c u l a r  from t h e  l ~ 1 1 1 1 1 1 1 1 1 1 1 1  50 100 150 
(a,xn) r e a c t i o n  from t h i c k  t a r g e t s .  PROTON ENERGY (MeV) 
Our r e s u l t s  of n e u t r a l  p ion  production from pro- 
Fi-qure I .  Net neutral pion production from protons on 
tons  on bismuth near  t h r e sho ld  a t  IUCF a r e  shown i n  2 0 9 ~ i  at  intermediate energies. Below threshold the 
experimental points represent the proton radiative 
Fig .  1. The e x c i t a t i o n  func t i on  was ob ta ined  from capture cross section. The net pion cross section 
h t h  an uncertainty of about 20% was obtained by sub- 
measurements w i th  proton ene rg i e s  i n  t h e  range of tracting the extrapolated ( p , y )  contribution. 
60-160 MeV. These r e s u l t s  compare we l l  w i th  those  ondary r e a c t i o n s  i n  o rde r  t o  o b t a i n  t h e  n e t  ( p , y ~ o )  
ob ta ined  e a r l i e r  by Shaw and ~ a l ~ l  i n  t h e  65-125 MeV con t r i bu t i on .  I n  our  measurements we used t h i n  3-15 
range i nc lud ing  one d a t a  p o i n t  above p ion  threshold  mg/cm2 t a r g e t s ,  thus  s u b s t a n t i a l l y  reducing t h e  sec-  
a t  150 MeV. The unce r t a in ty  i n  our  measurement is ondary con t r i bu t i ons  t o  l e s s  than 0.3 pb nea r  pion 
es t imated  t o  be about 30%. Thick t a r g e t  (- 100 mg/cm2) th reshold .  
measurements of t h e  2 1 0 ~ o  y i e l d s  by Daly and Shaw 
1 I n  Fig.  2  a r e  shown t h e  combined r e s u l t s  of t h i s  
requi red  a  s u b s t a n t i a l  r educ t i on  ( 2  50%) due t o  sec-  s tudy  performed a t  IUCF and TRIUMF. A t  IUCF t h r e e  
new measurements between 160-200 MeV have been made and await  f u r t h e r  counting and ana lyses .  Our s t u d i e s  
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a t  TRIUMF have covered a much l a r g e r  energy range 
(183-480 MeV), inc lud ing  s e v e r a l  overlapping ene rg i e s  
wi th  IUCF. I n  Fig.  2  a r e  p l o t t e d  t he  c ro s s  s e c t i o n  
r a t i o s  f o r  t h e  production of 2 1 0 ~ o ,  2 0 8 ~ o  and 2 0 6 ~ o  
normalized t o  2 0 6 ~ o .  The r e l a t i v e  e r r o r s  i n  t he se  
measurements a r e  about  15%, whereas i n  those  cases  
where t r a c e r  s t u d i e s  and y-ray ana ly s i s  were performed 
t he  abso lu t e  c ro s s  s e c t i o n s  were determined t o  be 
about 30%. I n t e r e s t i n g  f e a t u r e s  of t he  t o t a l  r e a c t i o n  
c ro s s  s e c t i o n  l e ad ing  t o  2 1 0 ~ o  a r e  t h e  th reshold  neu- 
t r a l  pion e f f e c t  ( th reshold  energy of 130.7 MeV) and 
t h e  gradua l  i nc r ea se  above % 300 MeV. C lea r l y  one 
does no t  observe s i m i l a r  e f f e c t s  i n  t h e  (p,xn) channels .  
A s e r i e s  of runs  a r e  scheduled a t  TRIUMF between 
t h e  ene rg i e s  of 183-480 MeV f o r  March 1980 i n  o rde r  t o  
complete t h i s  phase of  t h e  experiment. A manuscript  
of t he se  s t u d i e s  is  p r e sen t l y  i n  p r epa ra t i on .  
FLqure 2. To t a l  r e a c t i o n  c r o s s  s e c t i o n  r a t i o s  f o r  
t h e  reduction of 2 0 6 ~ o ,  2 0 * ~ o  and 21°Po normalized t 1 )  P.J. Daly and P.F.D. Shaw, Nucl. Phys. 56, 322 t o  6 ~ o .  (1964). 
